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Company Overview

Novoptel

Founded in 2010, spin-off from University of Paderborn

Located in Paderborn, Germany

Main Products:

Polarization
Controller/Demultiplexer

Polarization
Scrambler/Depolarizer
EPS1000: 20...80 Mrad/s

Polarimeter
PM1000:

EPC1000: 100 krad/s
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Outline Novoptel 3

* Definition of polarization

* Poincareé sphere, Stokes vectors

* SOP measuring principle

* Overview of polarimeter PM1000

* Graphical User Interface (GUI)

* Examples of Event Recording

* Examples of Continuous Recording
* Text/Binary Files

e Evaluation




Novoptel *

Definition of Polarization

A

—

* Lightis an electromagnetic (transverse) wave

* During transmission, an electrical and a magnetical field oscillates
perpendicular to the transmission direction

* The State of Polarization (SOP) defines the oscillation direction of the
electrical field, e.g. ,vertical polarization®

Figure: Wikipedia
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Definition of Polarization Novoptel

A Polarization ellipse
A c

ellipticity angle
azimuth angle

Poincaré sphere

right circular
rtical

2 orthogonal parts of the wave can
superimpose with different phases

Every SOP can be displayed as a

polarization ellipse. 5°

The double of both ellipticity angle and left circlin
azimuth angle span the Poincaré sphere. Figure: Wikipedia

i
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Stokes Vectors Novoptel

* Normalized Stokes vector with 3 parameters

and length 1:
(5 c0S2€ - c0s29
S=1S; |=| cos2e - sin29
Si sin2e

* Fundamental polarizations:
Poincare sphere

1 -1
horizontal: (o) vertical: ( 0 ) S right circular
3
0 0

0
A (1) -45°: (—1)
0 0 S

right 8 left g
circular:  \ 4 circular: \ _4

left circular



Stokes Vectors Novoptel

* General Stokes vector with 4 parameters:

o [

2!
I
I

I

Poincaré sphere

S3 right circular

\/Sl’z+52’2+53’2 .
DOP = = _45° vertical
0 ‘

S S, "
* 4 degrees of freedom: , "
1 (power) + 2 (SOP) + 1 (DOP) horizontal” \ ‘ 45°
sl

* Different normalization types exist in PM1000 _
left circular
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SOP Measuring Principle O_VOPte

Separation of ]
analyzer polarization _
F| — optics
Photodiode (polarimeter
| | J head)
Photocurrent B
| I, , — analogue
Amplifier electronics
v | (PCB)
ADC
* Measure power in 4 fixed ﬂ @ @ i}
analyzer polarizations. Calibration matrix
* Ideal case: 4 corners of a [ .
tetrahedron 4 Stokes parameters [ digital
* Again 4 degrees of freedom ﬂ g
Normﬁzation (FPGA)
Storage / Processing
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PM1000 Hardware NOVO ptel

* Polarimeter head: * PCB / module:

Interfaces

11441 1o
OB GO

SIS qon wen -0 0O
i BRERRRR oo
[

00000000
opooopoo
o

Polarimeter head analogue FPGA + memory
(backside) electronics
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PM1000 Overview Novoptel

* Desktop instrument (also: Rackmount

or PCB/module)
e Sampling frequency: 100 MHz —o m&ggf.aer!meter o=
 adjustable averaging N O
. —eo La o=
* Internal memory: 8 Gbit (128

MSamples)

* Interfaces: HDMI, USB 3.0, Gbit . @
Ethernet e

* Clock synchronization to 1PPS real = & ‘ww s ne e
time source

e Software: GUI (Windows), Matlab,
Python (Windows/Linux)

Net data rate ~ 400 Mbit/s (6 MS/s)
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Recording Types Novoptel

memory block 8 Gbit memory (128 MSamples)
(2ME samples, 10<ME<27)

e Data Stream: Continuous transfer of SOP data at adjustable sampling rate
* Manual Recording:

Records 1 memory block and stops. Block size is defined by Memory
Exponent (ME). Sampling time is defined by Averaging Time Exponent
(ATE): tg=2ATE-10 ns, f5=100 MHz/2ATE

* Triggered Recording:

Uses memory blocks as ringbuffers for continuous recording. Upon a
defined trigger event, it continues recording in the current block for the
amount of post-trigger samples. After that, it continues in the next block.

* (Endless) Dynamic Undersampling:

A sample is only recorded if it differs by the previous recorded sample by
more than a defined threshold. Once a block is completed, the GUIl/script
can transfer it. The GUIl/script marks transferred blocks so they can be
overwritten with new data by PM1000.




PM1000 GUI Overview

= O ot

M MNovoptel BM1000 Polarimeter Interface
Settings  Help Status: Connected

Device: |F‘M1DDD—F‘51BI}21 o Disconnect Show Device Info

Memory  Triggering / Gating Intemal Trigger Calibration Device Test  Mod/Demod

Optical Band:  C&L-Band

Fi (THz): 191,71 = A
requency (THz) Stokes + Power v| Power (in pW) fractional bits: |2 - 8 auto
ME: |20 5 (1 Mi5/Block) Block Recording Time: == 545
Sampling / Averaging:
ATE: |10} (87,7 kS/s) () Manual Recording
Start - - , _ .
Recording - o ... with D'_man?lc Undersampling  Thresheld:  |0,005 2 rad
() Trggered Recording Min. Sampling Exp.. |0 k2

Stokes Vector Mormalization:
Recording/Saving Status:

Standard nom. o
_ Start Full Blocks Recorded: 001
Poincare Sphere Saving Cument Rec. Address: 1048576
— Files Saved to Disk: 000
Show Scope (Memory)
Input Power Distrib. P e
SOP Speed Distrib. Cancel
Idle

Close

Novoptel *



PM1000 GUI Overview

| N Nowoptel PM1000: Sphere = X

Novoptel
PM1000

Power: 1.834 mW
2.63 dBm
]

DOP: 1.007

Stokes 1: 0.639
—_—

Stokes 2: 0.668
I

Stokes 3: -0.381
||

Normalization mode:
Standard

M Novoptel PM1000: Scope = O X

Evert Nr.: |1 =
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N, PM1000 SOP Speed Distribution - D X
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Event Recording Novo ptel

Power

A hammer (0.3 kg) was dropped froma !
height of 2 cm on a fiber cassette DCM-
40.

The internal trigger was set to >0.1 rad
polarization change in 10.24 us, so
roughly 10 krad/s speed.

Grid: 00040 ms/Div

Start of event, zoomed by a factor of 2000:

Stokes 1 Stokes 2 Stokes 3 Power

\ 1

1

Grid: 00020 us/Div



Event Recording

Detection of emulated lightning strikes
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Novoptel ~

160

140

16 rad
160 rad

120

100

80

60

rotation [rad]

40

20

0 2 4 6 8 10 12 14 16
time [us])

blue: 20 Mrad/s for 8 s, -20 Mrad/s for 8 ys
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18 20

R. Noe€, B. Koch, V. Mirvoda, Emulation of polarization fluctuations in glass fibers caused by lightning strikes, 19. Fachtagung

"Photonische Netze", 11-12 June 2018, Leipzig, Germany, ITG-Fachbericht 279, pp. 96-99, ISBN 978-3-8007-4684-2



https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
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Continuous Recording: Text Files NOVOpte|

' [ logtest_20260122_131343.x¢ E3

[ 1 # Timestamp Start Python = 1765084018.504565067
SOP |Ogglng Wlth dynamIC | 2 % Timestamp Start Win = '"Z2026-01-22 13:13:38° |
3 0.15347105, 1.88056, -0.82489, 0.34732, 0.44623
undersar.nplir.'g 4 0.15347617, 1.88031, -0.82611, 0.34802, 0.44434
5 0.15348129, 1.88050, -0.82703, 0.34811, 0.44223
& 0.15348641, 1.88112, -0.82782, 0.348683, 0.44037
1 M Samples + TimeStampS: 0.15349153, 1.8808E -0.82881, 0.548891, 0.45848
8 0.15349665, 1.88082, -0.82916, 0.34918, 0.43661
57 8 MB (teXt flleS) ] 0.15350177, 1.88081, -0.82935, 0.35150, 0.43552
. 10 0.15350689, 1.880%94, -0.82968, 0.35159, 0.43393
11 0.15351201, 1.88081, -0.83121, 0.35123, 0.43176
12 0.15351713, 1.880%94, -0.8317%, 0.35233, 0.42963
13 0.15352225, 1.8811%9, -0.83282, 0.35257, 0.427232
1 0.15352737, 1.881068, -0.83362, 0.353389, 0.42535
15 0.15353242, 1.88138 -0.83316, 0.35507, 0.42432
16 0.15353761, 1.88100, -0.83414, 0.35553, 0.42287
17 0.15354273, 1.88088, -0.83469, 0.35632, 0.42081
18 0.15354785, 1.88031, -0.83514, 0.35706, 0.41968
19 0.153552597, 1.87925, -0.835&8, 0.35678, 0.41782
20 0.15355808, 1.879%4, -0.83830, 0.35887, 0.41650
21 0.15356321, 1.88008, -0.83682, 0.35801, 0.41412
22 0.15356833, 1.88008, -0.83737, 0.36035, 0.41171
p 0.15357345, 1.88031, -0.837988, 0.36041, 0.40988
| 2 0.15357857, 1.8806%, -0.8382%, 0.36148, 0.40826
| 2= 0.15358369, 1.88163, -0.83878, 0.3617%, 0.40692
| =26 0.15358881, 1.88231, -0.83984, 0.36310, 0.40427
27 0.15359393, 1.88200, -0.84030, 0.36435, 0.40262
28 0.15352905, 1.88162,  -0.B4058 0.36462, 0.40100
29 0.15380417, 1.88175, -0.84164, 0.36542, 0.39853
30 0.15380922, 1.88108, -0.841684, 0.36621, 0.38752
31 0.15361441, 1.88031,  -0.84235, 0.366904, 0.395680
32 0.15361953, 1.88031, -0.84290, 0.36777, 0.39371
33 0.15362465, 1.88044, -0.84344, 0.36801, 0.39212
3 0.15362977, 1.88031, -0.84369, 0.36884, 0.39023
35 0.15363489, 1.88094, -0.84433, 0.36996, 0.38815
36 0.15384001, 1.88044,  -0.B84485, 0.37024, 0.38629
37 0.15384513, 1.88000, -0.84531, 0.37149, 0.38434
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Continuous Recording: Binary Files NOVOPte|

i logtest_20260122_131639.bin

Cffsec(h) 00 O1 02 03 04

[
mn

Og 07 08 0% QA OB OC OD OE OF Dekodierter Text

SOP IOggIng with dynamlc 00000000 |3 20 54 69 €D €5 73 74 61 6D 70 SF 53 74 61 72 4 Timestamp Star
: 00000010 74 5F 50 79 74 €8 6F 6E 20 3D 20 31 37 36 39 30 t_Python = 17690
Ljf](jEBfESEifT][)llr]g; 00000020 38 34 31 38 39 2E 35 30 32 31 33 35 30 33 38 0L 84189.502135038.
00000030 23 20 54 €9 €D 65 73 74 €1 €D 70 SF 53 74 61 72 # Timestamp Star

00000040 74 SF 57 6% 6E 20 3D 20 27 32 30 32 36 2D 30 31 € Win = '2026-01

1 M SampleS + 00000050 2D 32 32 20 31 33 3& 31 36 34 32 3% 27 OA 23 20 -22 13:16:29'.%
00000060 SO 6F 77 45 78 70 20 3D 20 34 OA 00 00 00 00 00 PowExp = 4......

TlmeStampS: 00000070 00 00 00 00 OO0 OO0 00 00 00 00 00 00 00 00 00 00  wevueveceeneenn.
. . 00000080 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o« vueeeeeeeenenns

164 MB (blnary flleS) 00000090 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 00 00  vevueveceeneenn.
000000R0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o« vueeeeereenenns

000000BO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o« vuveeeeeeenenns

000000CO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o vueeeeeeeenenns

000000D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00  «vuveeeeeeenenns

000000ED 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o« vueeeeneeennenns

000000F0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o vuveeeeeeenenns

00000100 40 %2 CF 4% 01 00 00 00 8E 7E CC EC C2 FE DO 74 @-IH....EZ~1idpBt
00000110 40 Lé CF 42 01 00 00 00 96 7E A9 EC 58 FF CE 74 @!IH....--@iXyit
00000120 40 BL CF 42 01 00 00 00 7C 7E 5C EC B9 FF D1 74 @°IH....|~\i29fit
00000130 40 CE CF 42 01 00 00 00 7C 7E FF EB 2C 00 C9 74 @IIH....|~¥y&,.Et
00000140 40 E2 CF 42 01 00 00 00 73 7E Cl EB CA 00 C3 74 @&IH....s~Asf. it
00000150 40 Fé CF 42 01 00 00 00 €1 7E &C EB 2B 01 C1 74 @&IH....a~1&+.At
00000160 40 OL DO 42 01 00 00 OO0 47 7E 25 EE BE 01 C2 74 @.PH....G~%&, .4t
00000170 40 1E DO 48 01 OO0 OO0 OO0 50 7E 11 EB 34 02 C2 74 @.BH....P~.&4.it
00000180 40 32 DO 48 0l 00 00 00 47 T7E DC EAL A6 02 C5 74 @2BH....G~0&!.At
00000190 40 46 DO 42 01 00 00 00 35 7E 96 EL 22 03 CC 74 @FBH....5~-&v. It
000001R0 40 SL DO 48 01 00 00 00 2C T7E €1 EL A6 D0 74 @ZBH....,~ad&!.Bt
000001BO 40 €E DO 48 01 00 00 00 12 7E 1A ER 21 04 CE 74 @nPH..... ~ 1 It
000001CO 40 22 DO 48 01 OO0 00 OO0 01 7E D7 ES 93 04 D2 74 @,PH..... ewE™ Ot
000001D0 40 96 DO 48 01 00 00 00 E6 7D 76 ES 06 05 C4 74 @-BH....=z}lvé..At
OO0CO1ED 40 R DO 48 01 OO0 OO0 00 D4 7D 23 E9 82 05 BC 74 @<*BH....0M#é, .4t
Q00C01F0 40 BE DO 4% 01 00 00 00 D4 7D 1B E9 EB 05 B8 74 @%PH....0}.é8..t
00000200 40 D2 DO 42 01 00 00 OO0 C3 7D D4 ES 67 06 C1 74 @OBH....R)0eq.At
00000210 40 E6 DO 48 01 00 00 00 Bl 7D SF E2 FD 06 C7 74 @a&BH....#}¥&v.Ct
00000220 40 FL DO 48 01 00 0O SF 7D 6A EZ2 &F 07 D4 74 @dBH....T1j2o0.0t
00000230 40 0OE D1 48 01 00 0O 8D 7D 18 E2 EC 07 DF 74 @.HH.....}.&i.Bt



Continuous Recording: Evaluation (Python) Novoptel

SOP Speed Histogram
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Future developments ovopte

Data analysis inside PM1000 FPGA for

- pre-evaluation, generation of trigger signals or
- reduction of transferred data

Analysis of polarization-multiplexed signals (appear depolarized, DOP=0)

Display with Poincaré
sphere at the front

Standalone unit with large
hard disk drive inside

?

Thank you!
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